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Background: Aging as a natural physiological process is ac-
companied with nutritional and metabolic changes that is reflect-
ed by the anthropometric indices furthermore loss of muscular 
and fat masses rises. elderly individuals it is complex, and some-
times impossible, to measure standing height precisely because 
of standing straight difficulties arising from underlying mobility 
issues    Anthropometric indices and measuring formulas are 
greatly trustworthy when compared with more sophisticated 
methodologies such as hydro densitometry, electronic bio im-
pedance. Aim: To assess which one of the three anthropometric 
measures (demi-span, ulna length and knee height) is the most 
accurate for height estimation in Egyptian elderly males, and to 
provide a nationally representative regression equation for stat-
ure prediction that could be applied to Egyptian elderly males.
Methodology: A cross sectional research study was conduct-
ed to estimate height in community dwelling Egyptian ambulant 
elderly males. The study sample consisted of 226 community 
dwelling elderly males. Results: The model for using knee height 
to estimate standing height of Egyptian elderly males [Height = 
57.345 + 2.131 (Knee height in cm)], was found to be statistically 
significant reflecting 63.3% of standing height changes. [Table 
(5)] Besides there was strong statistically significant positive cor-
relation between measured standing heights and study predicted 
standing heights (P value < 0.001). [Table (6)] Finally it was re-
vealed and displayed that by using the study equation, there is 
no statistically significant difference between measured and pre-
dicted heights. Conclusions: In the current research study, knee 
height was found to be more accurate than demi-span and ulna 
length for estimating height of Egyptian elderly males.
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INTRODUCTION  
Population aging is a global concern that have 
arisen due to reduced mortalities, morbidities 
and reduced rates of fertility with delayed 
conception trends causing reduced percentage 
of children particularly in developed nations. 1,2 
Older people percentage (aged 60 years and 
above) have been raised from 9.2 % in 1990 to 
11.7 % in 2013 and is expected to reach 21.1 
% by year 2050. 3,4   
Aging as a natural physiological process is 
accompanied with nutritional and metabolic 
changes that is reflected by the anthropometric 
indices furthermore loss of muscular and fat 
masses rises. 5,6 Interestingly it was revealed 
and displayed by various researchers in prior 
research studies that redistribution of adipose 
tissue with increased fat accumulation within 
the trunk, changes in anatomical and 
physiological appearance and performance 
varies between both genders as the aging 
process progresses at various phases of life 
mirrored clinically in anthropometric indices. 7,8 
Subsequently, diverse anthropometric tools for 
measurement are implemented at various 
phases of life. 9,10 
Anthropometric indices commonly measured 
e.g. height is correlated in a statistically 
significant manner to nutritive behaviour, 
genetic constitution, environmental features, 
social, cultural, lifestyle, functional and general 
health   statuses. 11,12 Privilege of using 
anthropometric indices is the low cost and 
being   non-invasive supplying detailed clinical   
data   reflecting various of body structure 
components, such as muscular and fat tissue 
distribution, aiding in geriatric   nutritional 
assessment. 13,14 Anthropometric indices and 
measuring formulas are greatly trustworthy 
when compared with more sophisticated 
methodologies e.g. hydro densitometry, 
electronic bio impedance, for nutritional status 
determination   furthermore it is implemented in 
assessment in a reliable clinical manner the    
prognosis of chronic and acute illnesses 
guiding medical management protocols within 
elderly individuals. 15,16 
Various researchers and many research clinical 
trials all over the globe investigated the best 
age-, gender - and population-specific 
anthropometric indices and their particular 
formulas for elderly height estimation. 17,18 On 
the other hand, there are no national Egyptian 
references concerning that issue of interest   
among Egyptian elderly population.  research 
data and efforts are considered to be useful 
and of great value to raise the health care 
standards offered to that group of cases on a 
national basis among the Egyptian population. 
19,20 
In numerous elderly individuals it is complex, 
and sometimes impossible, to measure 
standing height precisely because of standing 
straight difficulties arising from underlying 
mobility issues e.g.  kyphoscoliosis or arthritis 
alternatively other body segments 
measurements could be implemented as an 
alternative to standing height estimation such 
as include demi-span, ulnar length   and knee 
height. 21,22 
AIM OF THE WORK: 
To assess which one of the three 
anthropometric measures (demi-span, ulna 
length and knee height) is the most accurate for 
height estimation in Egyptian elderly males, and 
to provide a nationally representative 
regression equation for stature prediction that 
could be applied to Egyptian elderly males. 
METHODOLOGY:  
A cross sectional research study was 
conducted to estimate height in community 
dwelling Egyptian ambulant elderly males. The 
study sample consisted of 226 community 
dwelling elderly males. Inclusive research 
criteria: Age: 60 years old or more, Sex: males 
only, ambulant, able to stand erect without 
spinal curvature. Exclusive research criteria: 
Individuals with a plaster cast, a prosthetic, an 
amputated limb or limb oedema. Frozen 
shoulder, kyphosis, bed or chair-bound, those 
Hala Samir Sweed et al., IJOAR, 2019 2:44 
IJOAR: https://escipub.com/international-journal-of-aging-research/                      3
who refuse to participate in the study, 
uncooperative individuals. 
The following research data was collected from 
all research study subjects: Informed oral 
consent was obtained after explanation of the 
aim and procedures used in current study to 
each research study subject.  
Standing height measurement: It was 
measured with the subject standing barefoot in 
an upright posture looking forward with the 
informant stretching to the maximum height and 
head in the Frankfort horizontal plane, with 
heels together, arms at the side, legs straight, 
shoulders relaxed and with heels, buttocks, 
scapulae and back of the head lying against a 
vertical wall or a door. 
Measuring the following parameters: Demi-
span: It was measured with the left arm 
outstretched straight, palm forwards, from the 
base of the middle/ring fingers to the sternal 
notch using a non-stretch tape measure. Knee 
height: It was measured with the subject in the 
seated position. It is the distance from the sole 
of the foot to the anterior surface of the thigh 
with ankle and knee each flexed to a 90-degree 
angle Ulnar length: Subjects were asked to 
bend their left arm and place it across the chest 
with the fingers pointing to the opposite 
shoulder. Measurements were taken between 
the point of the elbow (olecranon process) and 
the midpoint of the prominent bone of the wrist 
(styloid process). If the subject was wearing 
wristbands, bracelets or watch that could make 
the reading inaccurate, they were asked to 
remove them or change their position. All 
measurements were obtained    by using a 
metal non-stretch retractable tape, taken to the 
nearest millimetre. Recorded by the operator  to 
minimize errors in methodology.  
Statistical Analysis: 
The collected data was coded, tabulated, and 
statistically analysed using IBM SPSS statistics 
(Statistical Package for Social Sciences) (V. 
22.0) software version 22.0, IBM Corp., 
Chicago, USA, 2013. 
Descriptive statistics were done for quantitative 
data as minimum & maximum of the range as 
well as mean ±SD (standard deviation) for 
quantitative parametric data, while it was done 
for qualitative data as number and percentage. 
Inferential analyses were done for quantitative 
variables using independent t-test in cases of 
two independent groups with parametric data 
and paired t-test in cases of two dependent 
groups with parametric data. While correlations 
were done using Pearson Correlation. Linear 
regression model was used to find out 
independent factors affecting standing height. 
The level of significance was taken at P value < 
0.050 is significant, otherwise is non-significant. 
The p-value is a statistical measure for the 
probability that the results observed in a study 
could have occurred by chance. 
RESULTS: 
The current research study was conducted on 
226 Egyptian elderly males aged 60 years and 
more to investigate the usage of 3 
anthropometric measurements (demi-span, 
ulna length and knee height) in standing height 
estimation and to detect which one is the most  
precise in height estimation of Egyptian elderly 
males, and also for development of age-, sex- 
and population-specific regression equation 
that could be applicable for estimating height of 
Egyptian elderly males. The demographic 
research data of the study cohort revealed that 
85.9% of the research study subjects were 
under seventy-five years old (mean age 67.9 ± 
6.4 years). [Table (1)] And 84.1% of the 
research study subjects were between 155.0 
and 175.0 cm (mean standing height 171.1±7.1 
cm). [Table (2)] Furthermore   among  the  
study cohort , 58 (25.6%) of them were 
diabetics, 94 (41.5%) were hypertensive, 37 
(16.3%) were having ischemic heart disease, 
28 (12.3%) were having chronic liver disease, 
53 (23.4%) were having benign prostatic 
hyperplasia, 17 (0.07%) were having bronchial 
asthma and 57 (25.2%) were current smokers.  
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When height prediction of Egyptian elderly 
males was done by using equations developed 
from other populations such as the Mexican 
equation and other results were found to be 
statistically significantly different from measured 
standing height. [Table (3)]      
When the usage of the three anthropometric 
measures (demi-span, ulna length and knee 
height) for standing height estimation was 
investigated, it was found that there were 
significant positive linear correlations between 
standing height and the 3 studied 
anthropometric measures with P < 0.001 for 
each. The correlation with knee height was 
stronger than those with demi-span and ulna 
length. [Table (4) and figures (1, 2, and 3)] 
The current research study findings denote that 
the model for using knee height to estimate 
standing height of Egyptian elderly males 
[Height = 57.345 + 2.131 (Knee height in cm)], 
to be statistically significant reflecting 63.3% of   
standing height changes. [Table (5)] Besides 
there was strong statistically significant positive 
correlation between measured standing heights 
and study predicted standing heights (P value < 
0.001). [Table (6)] Finally it was revealed and 
displayed that by using the study equation, 
there is no statistically significant difference 
between measured and predicted heights. 
[Table (7)] 
 
Table (1): Age distribution of the studied participants (years) 
  Mean ±SD   Range  
 Age  67.9±6.4 60.0–90.0 
 Categories N  %  
 60.0 – 79 35.0 
 65.0 – 52 23.0 
 70.0 – 63 27.9 
 75.0 – 22 9.7 
80.0 – 5 2.2 
 85.0 – 90.0 5 2.2 
(N=226) 
     
Table (1) shows that: 85.9% of the studied 
participants were under seventy-five years old. 
Table (2) shows that: 84.1% of the studied 
participants were between 155.0 and 175.0 cm. 
1) Mexican (Mendoza-Nunez et al., 2002) :  
Height=52.6 + 2.17(KH) 
2) Chumlea’s equations (Chumlea & Guo, 
1992):  
Height = 59.01 + 2.08 (KH) 
3) Bermudez’s equations (Bermudez et al., 1999) :  
Height =71.16 + 2.61(KH) - 0.56 (age) 
4) Van Lier’s equations (Van Lier et al., 2007) : 
Height=63.336 + 2.184(KH) - 0.122(age) 
Table (3) shows that: Height prediction of 
Egyptian elderly males done by using 
equations developed from other population is 
statistically significantly different than measured 
standing height.  
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Table (4) and figures (1, 2, and 3) show that: 
There were significant positive linear 
correlations between standing height and other 
height measurements. The correlation with 
knee height was stronger than those with demi-
span and ulna length. 
 
Table (2): Height measurements of the studied participants (cm) 
Height  Mean ±SD   Range  
 Standing  171.1±7.1 152.0–189.0 
Knee 53.4±2.6 47.0–61.0 
Demi-span 81.2±3.9 71.5–89.5 
Ulnar 27.9±1.4 24.0–32.0 
Standing grades N  %  
152.0– 9 4.0% 
155.0– 35 15.5% 
160.0– 42 18.6% 
165.0– 61 27.0% 
170.0– 52 23.0% 
175.0– 22 9.7% 
185.0–190.0 5 2.2% 
(N=226) 
 
Table (3): Height prediction by using equations developed from other populations 
 Equation Measure Measure Difference P 
Equation 1 
Mean±SD   168.4±5.7 2.7±4.3 
<0.001* Range 155.0–184.0 -9.2–15.7 
95% CI 167.6–169.2 2.1–3.2 
Equation 2 
Mean±SD   170.0±5.5 -1.1±4.3 
<0.001* Range 156.8–184.9 -14.2–11.0 
95% CI 169.3–170.7 -1.6–-0.5 
Equation 3 
Mean±SD   172.4±7.9 1.3±5.3 
<0.001* Range 153.9–189.3 -15.4–14.9 
95% CI 171.4–173.4 0.6–2.0 
Equation 4 
Mean±SD   171.6±5.9 0.5±4.3 
<0.001* Range 158.5–185.6 -13.4–13.0 
95% CI 170.8–172.4 0.0–1.1 
(N=226, Difference: Actual - predicted, P: P-value of Paired t-test, *Significant) 
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Table (4): Correlation between standing height and other height measurements 
Height R p  
Knee height 0.796 <0.001* 
Demi-span 0.759 <0.001* 
Ulna length 0.651 <0.001* 
(N=226, Peasrson correlation, *Significant) 
 
 
Figure (1): Correlation between standing height and knee height 
 
 
Figure (2): Correlation between standing height and demi-span. 
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Figure (3): Correlation between standing height and ulna length. 
 
Table (5): Linear regression for prediction of standing height 
  Β SE P 95% CI R2 
Constant 57.345 5.807 <0.001* 45.902‒68.788 
0.633 
Knee (cm) 2.131 0.109 <0.001* 1.917‒2.345 
(N=226, β: Regression coefficient, SE: Standard error, CI: Confidence interval, R2: Coefficient of 
determination, *Significant) 
 
Table (5) shows that: The Suggested model 
[Height =57.345 + 2.131 (Knee height in cm)] is 
significant and explains 63.3% of changes of 
standing height. Height is the predicted 
standing height (cm); Knee height is the 
measured knee height (cm) 
Table (6) shows that: There was strong 
significant positive correlation between 
measured and study predicted standing 
heights. 
Table (7) shows that: By using the study 
equation, there is no significant difference 
between measured and study predicted 
heights. 
 
Table (6): Correlation between measured standing heights and study predicted standing 
heights 
R P 
0.769 <0.001* 
            (N=226, Peasrson correlation, *Significant) 
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Table (7): Comparison between measured and predicted standing heights (cm) 
   Mesure Difference P 
Measured 
Mean±SD   171.1±7.1 -- 
-- 
Range 152.0–189.0 -- 
Study 
Mean±SD   171.1±5.6 0.0±4.3 
0.982 
Range 157.5–186.3 -13.1–11.9 
(N=226, Difference: Measured - predicted, P: P-value of Paired t-test, *Significant; Study equation: 
Height = 57.345 + 2.131 (KH in cm) 
 
DISCUSSION: 
Height is crucial measurement implemented in 
BMI calculation which is clinically applied as a 
nutritional status indicator e.g. overweight, 
underweight, or healthy weight. Furthermore, 
height reflects the chronic and acute diseases 
prognosis guiding medical intervention 
predicting fracture and mortality risks   within 
elderly individuals. 23,24 
It is well known that height is required for body 
surface area (BSA) calculation that reflects 
metabolic rates, cardiac output, oxygen 
consumption levels, renal plasma flow, urea 
clearance, glomerular filtration rate (GFR), and 
organ size, superior to other direct physical 
measurements e.g.  weight. 25 
Since body height measurement in elderly is 
difficult due to either postural difficulties or 
cognitive disorders, it is acceptable to be   
conducted in an indirect manner. 26 Another 
critical fact that should be considered  is  the 
physical, genetic and environmental  features of 
each population  necessitating population-
specific regression formula for estimation of 
height should  be developed and   applied only 
to the population from which data was collected 
and analysed  .27 Consequently, as equations 
formed from other populations were clinically  
applied  for  estimation of Egyptian elderly 
males height, great dissimilarities between the 
measured standing heights and  the predicted 
heights were  observed. 28 
That’s why an Egyptian-specific equation 
should be developed for predictability of 
Egyptian elderly males' stature more precisely. 
Demi-span, knee height and ulnar length have 
been applied in many prior research studies to 
predict height particularly in elderly individuals, 
and it was concluded that direct method 
underestimates body height indices within 
geriatric populations. 29 
The aim of the current research study is to 
evaluate which one of the three investigated 
anthropometric indices (demi-span, ulnar length 
and knee height) is the most accurate for height 
estimation among elderly Egyptian males, and 
to have a reliable regression equation for 
predictability of stature that could be applied to 
elderly Egyptian males. 
The current research trial, anthropometric data 
was collected and analysed from Egyptian 
males aged 60 years and above as reference to 
formulate age-, sex- and population-specific 
equation for estimating stature.  
Statistically significant positive linear 
correlations between standing height and the 3 
priorly investigated anthropometric 
measurements  have been observed  in  the 
current research  study (P values <0.001 ). The 
statistical correlation with knee height was 
found to be stronger than those with demi-span 
and ulnar length. 
Results of the current research  study  were 
found to be in harmony with a prior research 
study  performed in  Atlanta, in which knee 
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height and gender were found to be the 
strongest  tools   for stature  estimation ,on the 
other hand  many similar prior research  studies 
similar to the current study came to the  
conclusion that age is a minimal factor for 
height prediction. Besides another Turkish 
research have shown that lower extremity has a 
greater correlation to body stature more than 
that with upper extremity. Furthermore, many 
researchers have observed that knee height 
could be implemented with adequate precision 
as an alternative for standing height. 1,5,7 
Only fewer research studies revealed that 
demi-span could be an acceptable reliable 
alternative to obtain precise standing height, 
however those clinical research trials 
investigated only demi-span implemented for 
standing height estimate and none of the other 
anthropometric indices e.g. knee height or ulnar 
length were investigated. Notably, the samples 
of latter studies were collected from both males 
and females in which the number of female 
participants was greater than the number of 
males. Concerning ulnar length measurement, 
a prior Japanese research study involving 123 
males (20–91 years, mean: 60.3 ± 17.4 years) 
and 122 females (19–95 years, mean: 61.7 ± 
19.5 years) revealed that that ulnar length 
measured from 3D CT images is statistically 
significantly correlated to stature. 3,10,18 
The difference between results of the 
previously mentioned Japanese research study 
and the current study is the small number of 
males recruited  within  the Japanese research  
study (n=123), the wide  age range of the male 
research group (range =20–91 years, mean+/-
SD = 60.3 ± 17.4 years) making the research 
study not exclusive for elderly population, while 
the last issue is the major difference in the 
method by which ulna length was measured 
(3D CT images rather than using a non-stretch 
tape measure). Another prior research study 
revealed and displayed that measuring ulnar 
length is precise and reliable, providing an   
accurate prediction tool of height among 
paediatric population. However, the age 
category investigated within that research study 
was totally different from the targeted age 
category in the current research study, and 
these will make results differ considerably. 
9,15,22 
Advantages of the used method (knee height 
measurement) and used tool (non-stretch tap 
measure): The tool is available, simple, 
economic and any physician can get it easily. 
The measuring protocol is simple to apply in a 
sitting or a recumbent position in almost all 
elderly persons, regardless of mobility status. 
Both method and tool are suitable to be 
implemented on cases attending outpatient 
clinic, ward and ICU.12,28 
Restrictions of the current research study 
involve that the present study is carried out 
among Egyptian elderly males only, while 
Egyptian elderly females are not included. since 
the design of this study was solely for elderly 
males, the extent to which the results are 
applicable to other age groups or elderly 
females remains unknown. Only three 
anthropometric indices were investigated to be 
used for height estimation in Egyptian elderly 
males, while many other anthropometric 
measures were not tested. Also, it’s important 
to know that the predicted stature is not 
reflective of past stature (adult stature) because 
we used current stature (after shortening) 
rather than adult stature (before shortening). 
So, the fact of on-going shortening of elderly is 
considered as a limiting factor for using the 
currently established equation. For example, 
when the equation is applied on an elderly 
person when he is 60 years old and then 
applied on same person after 10 years, the 
equation will give the same predicted standing 
height, although his actual standing height will 
not be the same. 24,29 
CONCLUSIONS AND RECOMMENDATIONS: 
In the current research study, knee height was 
found to be more accurate than demi-span and 
ulna length for estimating height of Egyptian 
elderly males.  
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The present study concluded an age-, sex- and 
population-specific regression equation which is 
easy and simple for predicting height of 
Egyptian elderly males. This newly developed 
equation is using only gender and knee height 
as predictors for height estimation. 
[Height= 57.345+ 2.131 (Knee height in cm)] 
When standing height measurement in older 
people is difficult to obtain, impossible or 
inaccurate because of an inability to stand 
straight or steadily due to pain, weakness, 
disability, or spinal deformities such as 
kyphosis or due to osteoporosis or any other 
factors, it’s recommended to estimate standing 
height rather than measuring it. A big 
randomized clinical study is recommended in 
order to put this formula in practice for 
validation. Another equivalent study should be 
carried out among Egyptian elderly females 
aged 60 years and older to detect which 
anthropometric measure is the most accurate 
for height prediction in such population, and to 
develop a sex-specific equation for estimating 
stature of Egyptian elderly females. Other 
anthropometric measures rather than (demi-
span, ulna length and knee height) have to be 
investigated if they can be used as suitable 
surrogates for height estimation in Egyptian 
elderly. 
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